INTRODUCTION
The aged population is rapidly growing in the United States and globally. Japan is one of the fastest aging societies, in which people more than 65 years of age comprise 24% of the overall population and they are expected to increase to 30% in 2025 (2) .
Recently, the growth of the aged population has become an increasing problem for those who manage traumatic brain injury (TBI). In general, age is closely associated with increased poor outcome and mortality after TBI (3, 5, 21, 37, 42) . In fact, according to several studies on TBI, age could be the most significant factor in the prediction of outcome (18, 19, 23, 26, 28, 31, 41, 44, 45) . Hukkelhoven et al. (18) previously examined four prospective TBI series, covering 5600 patients and found that mortality and unfavorable outcome in patients older than 55 years of age were proportionally worse with increased age compared with those younger than 35 years of age. In addition, the association between age and poor outcome was previously assessed by odds ratio (OR) and was shown to be increased by 40%e50% per 10 years of age. Outcomes and poor prognostic factors in geriatric TBI are shown in Table 1 . Thus, the influence of increasing numbers of elderly persons with TBI may place severe demands on health care resources, especially in developed countries (25) . The current belief regarding the aged population and craniotomy is that these procedures may do more harm than good and are possibly used less on patients in coma, who are more than 65 years old, because of this perception of poor prognosis in geriatric TBI (5, 21) . However, solid evidence to show that craniotomy will negatively affect outcome in geriatric TBI patients is lacking, given that at present there are no prospective randomized studies, or definitive treatment guidelines, specifically for this age group. In addition, hospitalization of the geriatric TBI population may be associated with other medical complications, which would in turn negatively affect the patient's outcome (16) . Therefore, the role of current neurosurgical treatments should be critically examined in this elderly group.
-OBJECTIVE: As the aged population is rapidly growing globally, geriatric traumatic brain injury (TBI) becomes an increasing problem. There are higher mortality and poorer functional outcome in the geriatric TBI population ( ‡65 years) compared with younger groups despite neurosurgical interventions. Therefore, current treatment priorities and cost-effectiveness should be critically examined. We evaluated the benefit of surgical management in the elderly ( ‡65 years) after TBI.
-METHODS: A total of 3194 patients with confirmed TBI were enrolled from 1998 to 2011, in the Japan Neurotrauma Data Bank. Retrospective analysis was conducted from the Japan Neurotrauma Data Bank on 888 (28%) patients ( ‡65 years) who did and did not undergo surgery. In particular, the effect of low Glasgow coma scale (GCS) (3e5) was compared with outcome with and without surgery.
-RESULTS: Of all the patients 65 years of age and over, 478 (54%) were given surgical management (craniectomy, craniotomy, or burr-hole evacuation). This group of patients had significantly more favorable outcome at 6 months (18% vs. 7%) and less mortality (62% vs. 81%). However, within this surgical group, patients with initial GCS scores of 3e5 had significantly more unfavorable outcome (96% vs. 79%) and more mortality (87% vs. 57%) compared with those with GCS scores of 6e15.
-CONCLUSIONS: We confirmed that age is a major determinant of outcome after TBI. In addition, we found that neurosurgical management is associated with the improvement of the prognosis and a decrease in the rate of mortality in geriatric TBI. However, surgical management was not shown to be an effective treatment in elderly patients with GCS scores of 3e5. In the present study, we used the Japan Neurotrauma Data Bank (JNTDB) to evaluate the benefit of surgical management for patients more than 65 years old after TBI.
METHODS

Patient Population and Data Collection
The JNTDB is a national registry designed to collect and report data on patients with TBI. It was established as a part of the Japan Society of Neurotraumatology in 1998. A total of 3194 patients were enrolled from 1998 to 2011 in the JNTDB except for the years 2002, 2003, 2007, and 2008. Data were not collected for these 4 years because this period was spent conducting data analysis; giving 9 years of data available for analysis. We compared outcome in 1563 patients less than 65 years of age with the elderly patients 65 years of age and older. Of these, we selected 1123 patients 65 years of age or older and we excluded 235 patients (20.9%) who were lost to follow-up assessment at 6 months after head injury. A retrospective analysis was thus conducted on 888 elderly patients to compare the factors affecting outcome between patients who did and did not undergo surgical treatments, defined as decompressive craniectomy, craniotomy, or burr-hole evacuation. We included burr-holes, because we found a number of patients with acute TBI, who underwent delayed burr-holes in the subacute period. Patients who underwent only a burr-hole for intracranial pressure monitoring without further neurosurgical intervention were excluded from the surgical group. From 1998 to 2001, data were collected at 10 emergency medical centers; from 2004 to 2006, 9 centers were added and data were collected at 19 emergency medical centers; from 2009 to 2011, 2 centers were added totaling 21 emergency medical centers where data were collected. Neurosurgical services are available in each of these institutions and neurosurgeons supervised diagnosis, treatment, and management of these TBIs.
Early hypotension was defined as systolic blood pressure less than 90 mmHg on admission. Early hypoxia was defined as arterial oxygen tension less than 60 mmHg on admission. Outcome and mortality were assessed at 6 months after injury. All patients were assessed by the 5point Glasgow outcome scale (GOS) and were categorized as having unfavorable (GOS score, 1e3) or favorable (GOS score, 4 or 5).
To evaluate the effect of surgical management in different types of head injury, patients were categorized into three groups: acute subdural hematoma (ASDH), acute epidural hematoma (AEDH), and brain contusion and/or intracerebral hematoma (brain contusion/ICH). These were then compared with outcome with and without surgery. Patients who suffered from multiple head injuries were excluded in this analysis. Specifically, we tested the relationship between surgical management for patients with low Glasgow coma scale (GCS 3e5) on admission and outcome with moderate and high GCS (GCS 6e15).
Statistical Analysis
Differences between the 2 study groups were assessed by a c 2 test for categorical variables and a t-test was used for comparison of mean age, with a level of significance set at P < 0.05. Logistic regression analysis was used to identify independent predictors of unfavorable outcome 
RESULTS
Patient Characteristics
Half of the geriatric (!65 years) TBI patients in the study population were treated surgically. There were no significant differences in age, gender, or mechanism of injury between patients who did and did not undergo surgery (P ¼ 0.251, mean age 76 vs. 77 years; P ¼ 0.735), and male/female gender (63/37% vs. 60/39%; P ¼ 0.078; 63% vs. 54% for TBI due to fall) ( Table 2) . Patients who did not undergo surgery were significantly more likely to have early hypotension (P < 0.001; n ¼ 74, 19%), early hypoxia (P ¼ 0.048; n ¼ 32, 10%), and to show severe GCS scores compared with patients who did undergo surgery (P < 0.001; n ¼ 368, 90%) ( Table 2) . Overall, the mortality was 71%, the favorable outcome was 13%, and unfavorable outcome was 87% at 6 months after injury for the whole group ( Table 1) .
Patients 65 years of age and older had significantly more unfavorable outcome, mortality, and less favorable outcome than those younger than 65 years of age (P < 0.001; n ¼ 888, 87% for unfavorable outcome, 71% for mortality, 13% for favorable outcome) ( Figure 1A) . Similar results were found between patients !75 years of age and those 65e74 years of age (P < 0.001; n ¼ 446 for unfavorable outcome, n ¼ 389 for mortality, n ¼ 43 for favorable outcome) ( Figure 1B) .
Patients who underwent surgery were significantly more likely to have a favorable outcome and less likely to die than those who did not undergo surgery (P < 0.001, n ¼ 86, 18% for favorable outcome; P < 0.001, n ¼ 298, 62% for mortality) ( Table 3) .
To determine the effect of neurosurgical treatments for different types of intracranial hematoma, we separately analyzed the outcome of the three types of hematoma. For patients suffering from ASDH, those undergoing surgery were more likely to have a favorable outcome and less likely to have mortality (P ¼ 0.007, n ¼ 28, 16% for favorable outcome; P < 0.001, n ¼ 114, 66% for mortality) ( Table 4 ). In addition, we evaluated time from injury to surgery, because it is an important prognostic factor for ASDH (40) . Elderly patients who underwent surgery within the first 4 hours after injury had a higher incidence of good outcome (n ¼ 92, median ¼ 3.8 hours, mean AE SD ¼ 15.1 AE 46.0 hours).
For patients suffering from AEDH, there were no significant differences in outcome Figure 1 . Comparison of outcome and mortality in different age groups. (A) Younger than 65 years of age (red bar) versus 65 years of age and older (light blue bar). There were significant differences in outcome and mortality between patients less than 65 years of age and those 65 years of age and older (*P < 0.05). (B) 65e74 years of age (blue bar) versus 75 years of age and older (green bar). There were significant differences in outcome and mortality between patients 65e74 years of age and those 75 years of age and older (*P < 0.05). and mortality between patients who did and did not undergo surgery ( Table 5) .
B A
For patients suffering from brain contusion and ICH, those who underwent surgery did not do worse when it came to outcome, and were less likely to die (P ¼ 0.018; n ¼ 19, 40%) ( Table 6) .
To evaluate the effect of the level of coma/disturbed consciousness upon surgical treatment, and the outcome, we compared patients with GCS scores of 3e5 on arrival, with those with GCS scores of 6e15. Patients with GCS scores of 3e5 had significantly higher rates of unfavorable outcome and mortality than those with GCS scores of 6e15 (P < 0.001, n ¼ 405, 96% unfavorable outcome; P < 0.001, n ¼ 364, 87% mortality) ( Table 7) .
To determine whether the level of intensive care is associated with more favorable outcome in geriatric TBI patients who underwent surgery compared with those who did not undergo surgery, we investigated the number of patients who received intracranial pressure (ICP) monitoring and temperature management (i.e., normothermia and hypothermia treatments) as surrogate indicators of the degree of intensive care. Patients who underwent surgery had significantly higher rates of ICP monitoring and temperature management compared with those who did not undergo surgery (P < 0.001, n ¼ 183, 38% for ICP monitoring; P < 0.001, n ¼ 152, 32% for temperature management) ( Table 8) .
To determine which factors can predict the outcome for geriatric TBI patients, we also used the multivariate logistic regression analysis. Age of patients 75 years and older was among the most important independent predictor associated with unfavorable outcome (OR, 2.72; 95% confidence interval [CI] 1.62e4.58) (Table 9). In addition, severe GCS score on admission and ICP monitoring were significant factors associated with unfavorable outcome (OR, 2.60 and 1.86; 95% CI 1.52e4.45 and 1.00e3.43 for severe GCS score on admission and ICP monitoring, respectively). In contrast, craniectomy and craniotomy was a significant factor to negatively predict the unfavorable outcome (OR, 0.32; 95% CI 0.17e0.60).
DISCUSSION
To our knowledge, at present, this analysis is one of the largest retrospective studies comparing characteristics, treatments, and outcomes for geriatric TBI patients. Contrary to many previous reports, the present findings suggest that neurosurgical interventions are associated with improved outcome and reduced mortality for geriatric age group TBI patients in Japan. Although surgical treatment has previously been found to improve the neurological status, as assessed by the Markwalder grading scale, the functional outcome assessed by GOS demonstrated no significant improvement for elderly patients who suffered from ASDH treated with and without surgery (27) . As shown in Table 1 , age has previously been found to be the single most predictive factor for poor prognosis, and geriatric TBI patients have been frequently shown to have greater mortality and less good outcomes compared with younger TBI patients (3, 5, 17, 18, 21, 23, 26, 28-30, 32, 37, 41, 42, 44) . For comparison in JNTDB, patients less than 65 years of age in outcome and mortality were compared with our data.
Our study has further confirmed these previous findings (Figure 1A, B) . In addition, geriatric trauma patients have a higher incidence of pulmonary and infectious complications than younger patients (16) . Therefore, use of craniotomy has been limited by many experts for these geriatric TBI patients. In contrast, our study suggests that age should not be used as the sole factor for limiting care in those patients with GCS sum score 6 and over (i.e., localizing to pain, or better). Several findings, which support our suggestion, have been recognized in other injured patients, as well as those with TBI. Previous studies have also demonstrated that a large population of elderly injured patients does return to independent living after blunt trauma, penetrating trauma, and cervical spinal injuries (6, 7, (13) (14) (15) 36) . Important, in the present study we found that patients who undergo surgery received much more intensive management such as ICP monitoring and temperature control or hypothermia ( Table 8) .
Although the contribution to outcome made by these intensive managements is still controversial, these findings suggest that patients who undergo surgery were given more aggressive neurotrauma critical care, which could be associated with higher favorable outcome and less mortality, compared with the patients who did not undergo surgery (9, 10). Conversely, patients who were not operated on may have been provided with less aggressive care, which could result in poor prognosis and higher mortality. Previous research has shown that there is lower intensity of care provided to geriatric TBI patients in comparison with younger TBI patients (43) . In another study, aggressive therapeutic intervention was restricted in those elderly TBI patients who showed no improvement of their GCS 24e72 hours after injury (6, 21) .
In Table 9 , ICP monitoring appeared to be associated with unfavorable outcome.
This suggests that possibly the more severely injured patients were selected for ICP monitoring. In several other studies, patients with TBI who require ICP monitoring have low GCS scores and their outcome has been found to be poor (22, 24, 26) . In accord with those studies, our result indicates that ICP monitoring might actually be harmful and unnecessary for elderly TBI patients 65 years of age and older. Additional studies might be needed to prospectively identify the usefulness of ICP monitoring for geriatric TBI patients.
It is important to note that in the present study, surgical management appeared not to be justified, or cost effective, for those geriatric TBI patients with GCS score below 5. We found that the patients !65 years of age with GCS scores of 3e5 had significantly higher rates of unfavorable outcome and mortality than those with GCS scores of 6e15. In addition, severe GCS on admission was a significant risk factor associated with unfavorable outcome ( Table 9 ). For example, only 4% of those with GCS 5 and below recovered to independent living in our study, and 87% died ( Table 7) . Level of consciousness on admission has also been previously reported to contribute to the prognosis in the elderly (22, 24, 26) . In another study, TBI patients more than 70 years of age with GCS below 9 points have shown a mortality of 85% and all of the patients with intracranial mass lesions died despite surgical management and intensive care (21) . Kotwica and Jakubowski (21) have therefore suggested that therapy should be limited in this group of patients. Kilaru et al. (20) have also pointed out that TBI patients more than 65 years of age with GCS below 8 points demonstrated vegetative state, or dependent living in a facility and all patients with GCS score of 3 points died. Thus, low GCS has been found to be the strongest unfavorable predictive factor for elderly patients who suffered from ASDH (33, 38) . Surgical management in this study, however, was associated with better outcome and lower mortality for elderly patients who suffered from ASDH and had GCS scores of 6 or above ( Tables 4 and 7) . Thus, outcome can be good in selected elderly patients with large surgical lesions. Age and GCS were the most significant factors associated with good outcome for the patients in our study. In another retrospective study (17) , 34 patients older than 65 years of age who suffered from ASDH were compared with a similarly treated younger patient population; mortality was more than 4 times higher in the older patients than in the younger group.
Increasing age was associated with a decline of cerebrovascular autoregulation and with a poor prognosis (12) . Since 1981, it has been realized that the timing of surgical decompression is important. Early surgical decompression within 4 hours after injury is associated with better outcome for patients with ASDH (40). This finding was consistent with our result, in which outcome and mortality were better for elderly patients with ASDH, who were operated on early.
On the other hand, no significant differences in the outcome and mortality were found for those few elderly patients who suffered from AEDH ( Table 5 ). Previous findings suggest that surgical management of AEDH is one of the most "cost effective" of all neurosurgical procedures in terms of quality of life and years preserved (34) . However, the lack of effect of early surgical management for AEDH could be caused by the small sample size in our study. AEDH rarely occurs in elderly patients because of close adherence between the dura and the skull (5, 21) .
Although patients who undergo surgery for brain contusion/ICH had no significant differences in the outcome, there were significant differences in mortality ( Table 6) . Future studies may be helpful to investigate the effect of surgical management for brain contusion/ICH to assess the effect of the volume of hematoma, the degree of midline shift as seen on computed tomography scan, and the presence of medically refractory intracranial hypertension.
The present study may suffer from selection bias because of its retrospective nature. There is a possibility that surgeons were selective in deciding which patients might benefit from an operation. It is possible that only patients who were believed to be more salvageable were taken to surgery. However, the present study has a very large number of patients, and the patients were managed in accordance with the guidelines for the management of severe TBI in Japan. These guidelines are similar to those of the Brain Trauma Foundation in United States.
It has been previously shown that surgical management reduces ICP and optimizes cerebral blood flow to prevent late cerebral ischemia, consequent irreversible neurological deficits, and death (1, 4, 8, 11, 39) . Further randomized control trials will be necessary to delineate which procedures (i.e., craniotomy, craniectomy, or delayed burr-hole evacuation) are most suitable for reducing mortality and improving long-term functional outcome in geriatric TBI patients. In addition, therapeutic strategies in individual patients must be decided in accordance with many factors, such as extracranial injuries, preexisting medical conditions, the presence of associated multiple intracerebral lesions, and the complication of anticoagulant treatment.
CONCLUSION
We found that surgical management was associated with improvement of the outcome and mortality for elderly patients with TBI, especially among the elderly who suffered from ASDH and those with GCS scores of 6e15, given intensive neurocritical care management. Although age should not be used as the sole contraindicating factor for surgery in geriatric TBI patients !65 years of age, these patients with GCS scores of 3-5 will make a "useful" recovery in only approximately 4% of cases, and will die in 87% of cases, or more, regardless of management. These data need to be discussed with families, whenever possible, before surgery.
